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Abstract 
Ground source heat pump technology (GSHP) is an alternative solution for conventional heating and cooling systems. Due to its 
wide range of applications, the installed capacity of GSHP worldwide is increasing year by year. The installed GSHP systems are 
mainly concentrated in Western and European countries. The aim of the present study is to calculate the annual saving in electricity and 
CO2 by using GSHP during winter season in the northern region of India. This analysis is done by considering ten states under two 
different categories, first category of states with severe cold conditions and the second category of states with moderate cold conditions. 
Electricity and CO2 savings are calculated by comparing the conventional electric heating system with GSHP system under different 
COP conditions. The electricity used for space heating is calculated on the basis of population. Minimum electricity requirement for 
space heating in a year is around 1416.9 GW and CO2 emission for the production of this electricity is 1.078 million tons. The present 
study indicates that for the same heating load, the use of GSHP results in electricity saving to a minimum level of 708 GW and saving in 
CO2 emission is 0.539 million tons. Our analysis shows that an increase in COP of GSHP from 2 to 3 will reduce electricity 
consumption and CO2 production by about 25%. It is found that if GSHP is powered by renewable energy source, then the overall CO2 
emission for the above heating load is only 0.049 million tons, which is 22 times less than the electric heating system powered by 
thermal power plants. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Noorul Islam Centre 
for Higher Education 
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1. Introduction 
Increasing worldwide awareness of the serious environmental problems due to fossil fuel consumption, efforts are 
being made to develop energy-efficient and environment friendly systems by utilizating non-polluting renewable energy 
sources. Renewable energy, combined with energy efficiency, offers a feasible and strong solution to countering the 
effects of global warming. In Western and European countries, more than 40% of the energy delivered to residential 
buildings is used for space heating during winter, thus accounting for more energy consumption than any other household 
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use. The energy consumption for space heating can be reduced by employing Ground Source Heat Pump (GSHP) system, 
which is suitable for heating and cooling buildings and it could play a significant role in reducing electricity consumption 
and CO2 emissions. However, estimation of CO2 emission depends on the type of fuel used for electricity generation. In 
this paper, we provide a systematic assessment of electricity saving by the use of GSHP for space heating and reduction in 
CO2 emission across northern part of India during winter.  
Nomenclature 
Abbreviations 
COP Coefficient Of Performance 
GSHP Ground Source Heat Pump 
kW kilo Watt 
MW Mega Watt 
GW Giga Watt  
1.1 GSHP for heating and cooling applications 
 About half of the solar radiation received by the Earth is absorbed at the surface of the ground. As a result the ground 
temperature varies with depth. At the surface, the ground temperature is affected by short term weather variations and at 
deeper layers (about 15 m), the ground temperature remains almost constant throughout the year and it is usually higher 
than that of the ambient air during winter and lower during the summer [1]. These temperature differences can be utilized 
by ground source heat pumps (GSHP) to provide heating in winter and cooling in the summer. GSHP systems use some 
electricity to run the heat pump, but the energy supplied by GSHP for space heating is at least three times that of the 
energy input to the GSHP, thus they produce less greenhouse gases than the conventional heating systems. Figure 1 shows 
the schematic diagram of a GSHP system. It consists of three circuits: (i) the ground coupling circuit (water circuit) to get 
heat out of or into the ground (ii) the refrigerant circuit to convert heat to a suitable temperature level and (iii) the fan coil 
circuit (air circuit) to transfer heat to the room or absorb heat from the room. 
                                         
Fig.1.schematic diagram of ground source heat pump [2] 
1.2 Climatic condition of India  
The Indian Meteorological Department classifies Indian climates [3]: Winter  last of November to 
early April. The year's coldest months are December and January; the average temperature will vary between around -
10°C to 25°C. The states (provinces) that are experiencing severe cold are Jammu and Kashmir, Himachal Pradesh, 
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Uttarakhand, Sikkim and Arunachal Pradesh. The states that experience moderate winter are Rajasthan, Punjab, Haryana, 
Uttar Pradesh and Bihar. Summer - April to June. In western and southern regions, the hottest month is April; for northern 
regions, May-June is the hottest month and temperatures average around 32  45 °C. Monsoon or rainy - June to 
September. In northern part of India the rainy season starts from August.  
1.3 nergy 
India has shown a significant economic growth in the past two decades and this has demanded high energy 
consumption. At the same time there have been continuous efforts in India to increase the electricity production by using 
thermal power plants and non-conventional energy sources. However, the increase in production of energy sources is not 
able to meet the significant increase in electricity demand. The installed capacity of electricity generation from various 
sources of energy is given in Table 1 [4]. Most of the electricity produced in India comes from thermal power plant and 
this alone contributes around 122 GW. Hydro and renewable energy based electricity production is approximately 59 GW. 
Figure 2 shows the electricity generation from various sources in terms of percentage. The electricity produced from 
nuclear energy is very little, it is around 3%. In thermal power based electricity generation, most of the power is generated 
from coal based plants, whereas the power production by gas and oil based plant is only 10%. In recent years due to the 
limitation of fossil fuels reserves, the government is mulling to develop other technologies to generate electricity, in that 
direction some of the initiatives are US - India nuclear energy development and solar energy mission.  
 
Table 1. Indian power sector  
Fuel GW 
Thermal 
(Coal, Gas and Oil) 
122.949 
Hydro 38.768 
Nuclear 4.778 
Renewable energy 20.158 
Total 186.654 
 
 
Fig.2. Electricity generation scenario in India
2. Literature on CO2 saving using GSHP 
Blum et al. [5] studied the CO2 savings of vertical GSHP systems in a state in South Germany. Jenkins et al. [6] 
examined the potential CO2 savings of closed horizontal-loop GSHP systems in the UK. Blaga et al. [7] studied the 
environmental and economic benefits of shallow geothermal district heating system. Hanova and Dowlatabadi [8] studied 
the saving of CO2 emission by GSHP and compared with the conventional heating systems. Huttrer [9] reported the 
benefits of GSHP systems. Fridleifsson et al. [10] compared CO2 emissions by GSHP and fossil fuel fired boilers. Russo et 
al. [11] and Agioutantis and Bekas [12] calculated the energy saving and CO2emission reduction by using low-enthalpy 
geothermal technologies for space heating. Rybach [13] studied the GHG (Green House Gases) emission by GSHP in 
Europe. Ramniwas et al. [14] and Ramniwas [15] performed experimental investigation on the performance of GSHP 
along with thermodynamic analysis for space heating applications for Roorkee weather conditions. 
3. Methodology 
3.1 Greenhouse gas intensities of different fuels  
In order to estimate the CO2 emission from GSHP and conventional electric heater it is important to know the emission 
intensity of different fuels. The emission intensity [16] of different energy sources used for electricity generation in India 
Coal, 
55.72% 
Gas, 9.50% Oil, 0.65% 
Hydro , 
20.77% 
Nuclear, 
2.56% Renewable 
energy , 
10.80% 
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are given in Figure 3. The emission intensity of power produced by coal is very high because Indian coals have low 
calorific value and high emission index [16]. The major CO2 emitter of Indian power sector is power produced from coal, 
it is around 1.261 kg/kWh, the emission of oil is 1.013 kg/kWh but the power generation from oil based power plant is 
only 0.65%. The emission rate of gas power plant is 0.464 kg/kWh; however, the power produced from gas power plant is 
only 9.5%. The emission from renewable energy and hydro power plants are 0.035 and 0.012 kg/kWh respectively.    
                                        
Fig.3. Emission intensity of energy sources 
3.2. Power consumption for space heating in India 
In India the winter session starts from late of November and it ends in the middle of March. During winter period most 
of the states in northern part of India require space heating system. This heating is done mainly using electric heating. In 
this paper the power used for electric heating system are estimated by two categories of states, one set of states having 
longer and severe winter period and the other set of states having moderate winter with short duration.  
The power consumption for space heating is calculated based on the population. The populations of northern states of 
India are taken from census 2011[17] and the family size is taken as 5, rounded off from 4.8 as defined by Ministry of 
Family Welfare [18]. From the total population the total number of families is calculated for ten states. It is assumed that 
only 10% of families are using electric heater for space heating. In states of severe winter conditions, the number of winter 
days is taken as 45. In the states of moderate winter the number of winter days is taken as 30. In both the categories it is 
assumed that each family is using only one 1 kW capacity heater for 5 hrs in a day and another assumption is electric 
heater is considered as 100% efficient. 
population
Power consumption by severe cold states by using electric heater= ×0.1×1×5×45                                           (1)
house hold size
population 0.1×1×5×45
Power consumption by severe cold states by using GSHP= ×                                             (2)
COP of GSHPhouse hold size
population
Power consumption by moderate cold states by using electric heater = ×0.1×1×5×30                                              (3)
house hold size
population 0.1×1×5×30
Power consumption by moderate cold states by using GSHP = ×                                               (4)
COP of GSHPhouse hold size
Saving in electricity = Electricity consumed by electric heater - Electricity consumed by GSHP                                                      (5)   
 
Table 2 shows the electricity consumed by severe winter states for space heating application. Among all the states 
Jammu and Kashmir consumes more power for space heating in a year, around 56 GW next to this is, Uttarakhand, which 
consumes around 45 GW. Among the severe winter states Sikkim is consuming less power for space heating; it is 20 times 
less than Jammu & Kashmir. For the same amount of heating load power consumed by GSHP for different COPs are 
calculated and compared with electric heating systems. In general GSHPs have coefficient of performance (COP) in the 
1.261 
1.013 
0.464 
0.066 
0.035 
0.012 
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Coal
Oil
Gas
Nuclear
Renewable
Hydro
CO2   kg / kWh 
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order 3 or more. In the case of Himachal Pradesh the electricity used by electric heater for space heating is 30 GW but for 
the same heating load GSHP requires maximum power of 15 GW. 
 
Table 2. Power consumption by severe winter states 
State Population Total families 
Families 
using electric 
heater (10% 
Total 
families) 
Power 
consumption 
for winter 
session(45days) 
(GW) by electric 
heater 
Power 
Consumption 
by GSHP for  
COP=2 
(power saved) 
(GW) 
Power 
Consumption 
by GSHP for  
COP=3 
(power saved) 
(GW) 
Power 
Consumption 
by GSHP for  
COP=4 
(power saved) 
(GW) 
Power 
Consumption 
by GSHP for  
COP=5 
(power saved) 
(GW) 
Jammu and 
Kashmir 12548926 2509785 250979 56.47 
28.235 
28.235 
 
18.823 
37.646 
14.117 
42.352 
11.294 
45.176 
Himachal 
Pradesh 6856509 1371302 137130 30.854 
15.427 
15.427 
10.284 
20.569 
7.713 
23.140 
6.170 
24.683 
 
Uttarakhand 10116752 2023350 202335 45.525 22.762 
22.762 
15.175 
30.35 
11.381 
34.144 
9.105 
36.420 
 
Arunachal 
Pradesh 1382611 276522 27652 6.221 
3.110 
3.110 
2.074 
4.147 
1.555 
4.666 
1.244 
4.977 
 
Sikkim 607688 121538 12153 2.734 1.367 
1.367 
0.911 
1.823 
0.683 
2.050 
0.546 
2.187 
 
Total power consumption 141.806 70.903 47.268 35.451 28.361  
Power saving by GSHP for COP2  70.903    Power saving by GSHP for COP3  94.537 
Power saving by GSHP for COP4  106.354 
Power saving by GSHP for COP5  113.444 
In moderate winter categories the states considered are Punjab, Haryana, Rajasthan, Uttar Pradesh and Bihar. The 
winter period for this category states are considered as 30 days. During winter Punjab uses 83 GW of power for space 
heating and Haryana uses 76 GW. Power consumed by Rajasthan, Uttar Pradesh and Bihar is 205 GW, 598 GW and 311 
GW respectively. The total power consumed by all the five states for space heating is around 1275 GW. For the same 
amount of heating load GSHP requires maximum power of 637 GW only.  
Table 3. Power consumption by moderate winter states 
State Population Total families 
Families 
using 
electric 
heater 
(10% 
Total 
families) 
Power consumption 
for winter 
session(30days) 
(GW) by electric 
heater 
Power 
Consumption 
by GSHP for 
COP=2 
(GW) 
(power saved) 
Power 
Consumption 
by GSHP for 
COP=3 
(GW) 
(power saved) 
Power 
Consumption 
by GSHP for 
COP=4 
(GW) 
(power saved) 
Power 
Consumption 
by GSHP for 
COP=5 
(GW) 
(power saved) 
Punjab 27704236 5540847 554084 83.112 41.556 
41.556 
27.704 
55.408.4 
20.778 
62.334 
16.622 
66.490 
 
Haryana 25353081 5070616 507061 76.059 38.029 
38.029 
25.353 
50.706 
19.014 
57.044 
15.211 
60.847 
 
Rajasthan 68621012 13724202 1372420 20.586 102.931 
102.931 
68.621 
137.242 
51.465 
154.397 
41.172 
164.690 
 
Uttar 
Pradesh 199581477 39916295 3991629 598.744 
299.372 
299.372 
199.581 
399.162 
149.686 
449.058 
119.748 
478.995 
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Bihar 103804637 20760927 2076092 311.413 155.706 
155.706 
103.804 
207.609 
77.853 
233.560 
62.282 
249.131 
 
Total power consumption 1275.192 637.596 425.064 318.798 255.038 
Power saving by  GSHP for COP2 637.596                               Power saving by GSHP for COP3 850.128 
Power saving by GSHP for COP4 956.394 
Power saving by GSHP for COP5  1020.154 
3.3. Calculation of CO2 emission 
The purpose of this calculation is to give an overview about CO2 saving potential of GSHP system for space heating 
application. CO2 emission for different energy sources can be calculated by using emission intensity of the fuel. Table 4 
shows the emission from different energy sources for total heating load of both the category states. The total power 
consumed for space heating is 1416 GW and total CO2 emission due to the use of the electric heater is 1.078 million tons, 
in these maximum emissions are produced from coal based power plants and emission from nuclear energy is only 2394 
tons. CO2 emissions by the use of GSHPs for different COPs are also tabulated. The maximum CO2 emission from GSHP 
is 0.53 million tons. CO2 emission decreases when COP is increased. An increase in COP from 2 to 3 results in the 
emission reduction of 0.17 million tons. In the case of GSHP completely powered by renewable energy with COP = 2, the 
maximum possible CO2 emission is 0.024 million tons.  
operating hours emission intensity of energy source
CO Emission by the use of electric heater = heating demand × ×    (6)2
year kWh
operating hours emission intensity of energy source
CO Emission by the use of GSHP = heating demand × ×      (7)2
year kWh
Saving in CO emission =CO emission by the use of electric heater -  CO emission by the use of GSHP                                     (8)2 2 2  
Table 4. CO2 emission by the use of electric heater and GSHP 
Indian power 
generation by 
different energy 
sources 
Total power Consumed for 
space heating 
is 
1416.998 GW 
CO2 produced by 
the use of electric 
heater 
CO2 produced  
by the use of  
GSHP with 
COP= 2 
CO2 produced  
by the use of  
GSHP with 
COP= 3 
 
CO2 produced  
by the use of  
GSHP with 
COP=4 
 
CO2 produced  
by the use of  
GSHP with 
COP=5 
 
Power produced by 
coal (55.72%) 
 
 
789.551 995624.832 497812.42 331874.91 248906.21 199124.97 
Power produced by 
Gas 9.50% 
 
134.614 62461.314 31230.657 20820.436 15615.329 12492.263 
Power produced by 
Oil 0.65% 
 
9.210 9330.229 4665.115 3110.076 2332.554 1866.046 
Power by hydro 
(20.77%) 
 
294.310 3531.728 1765.864 1177.242 882.932 706.345 
Power by Nuclear 
2.56% 
 
36.275 2394.161 1197.081 798.053 598.541 478.832 
Power by 
Renewable energy 
(10.80%) 
 
153.035 5356.256 2678.128 1785.418 1339.064 1071.251 
Total CO2 produced 1078698.52 539349.26 359566.14 269674.63 215739.71 
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CO2 saving by the use of  
 
539349.26 
 
719132.38 
 
809023.89 
 
862958.81 
4. Results and Discussion 
In the northern parts of India, a significant amount of electricity is consumed for space heating purpose during winter 
months. In the present growing economic scenario and the need for providing electricity to thousands of villages, efforts 
must be made to conserve electricity and use of electricity for space heating should be utilized efficiently. The main 
objective of the present work is to demonstrate how the use of GSHP for space heating even during shorter periods of 
winter in parts of India, can save a huge amount of electricity and CO2 emission. The annual electricity saving and CO2 
saving is discussed in the following sections. 
4.1. Annual electricity savings  
Figure 4 shows the electricity saving of each state of severe winter by the use of GSHP instead of electric heater. 
Jammu and Kashmir can save minimum power of 28 GW/yr even when the GSHP is operating at a COP of 2.  Increase in 
COP from 2 to 4 results in around 150% saving in electricity. Minimum power saving per year by Uttarakhand, Himachal 
Pradesh, Arunachal Pradesh and Sikkim are 22 GW, 15 GW, 3 GW and 1 GW respectively.  
                      
Fig.4. Power saving by severe cold states  
Figure 5 shows the saving of electricity for the states of moderate winter, Punjab, Haryana, Rajasthan, Uttar Pradesh 
and Bihar. The total power saved by all the states per year is around 637 GW. Among this 46% power is saved in Uttar 
Pradesh alone and 25% power is saved by Bihar. The minimum power saving for Punjab state is 41 GW/yr. Rajasthan can 
save minimum power of 102 GW/yr. The power saving by all the states of severe winter is only 70 GW; it is only 11% 
saving of the total power saved by the states of moderate winter. The total power saved by all the severe winter states is 
less than the power saved by Rajasthan.  
0
10000
20000
30000
40000
50000
60000
Power Consumed by
Electric Heater
Power Saving  by
GSHP for COP2
Power Saving  by
GSHP for COP3
Power Saving  by
GSHP for COP4
Power Saving  by
GSHP for COP5
MW 
Jammu and Kashmir Himachal Pradesh Uttarakhand
Arunachal Pradesh Sikkim
977 T. Sivasakthivel et al. /  Procedia Engineering  38 ( 2012 )  970 – 979 
 
 
Fig.5. Power saving by moderate cold states 
Figure 6 shows the power saving by the use of GSHP in a year for different COPs.  Minimum power saved (COP 2) by 
a single year by GSHP is 708 GW and this is equivalent of adding 83 MW plant in a year. In general GSHP can operate at 
minimum COP of 3.5; in that case the saving in electricity is 1003 GW/yr.  
 
Fig.6. Power saving by GSHP  
4.2. Annual CO2 reduction potential 
 At present, India is considered fourth biggest CO2 emitting countries in the world [19]. Due to increase in 
environmental concerns many initiatives are taken to reduce CO2 emission. Western and European countries are pointing 
their fingers towards Asian countries for increased CO2 emission, so, it is necessary to adopt GSHP technology for long 
time sustainable economic growth. The CO2 emission depends upon emission intensity of different energy sources used 
for power production. Figure 7 shows the CO2 emission by electric heater and GSHP for space heating applications. For 
the data considered in the present work, in a year, CO2 emitted by electric heater is 1.078 million tons and maximum CO2 
emitted by GSHP for the same heating is 50% less than the value obtained by the use of electric heater. With the GSHP 
operating at a COP of 3.5, the CO2 emission is only 0.314 million tons and it is 3.5 times less than the CO2 emitted by the 
use of electric heater.  
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Fig.7.CO2 emission by electric heater and GSHP 
Figure 8 shows the saving in CO2 by GSHP for different COPs. An increase in COP of GSHP from 2 to 4 will reduce 
CO2 emission by 1.5 times. In a year India can avoid minimum CO2 emission of 0.539 million tons by employing GSHP 
for space heating applications.  
 
Fig.8. CO2 saving by GSHP for different COPs 
5. GSHP application and limiting factors in India 
GSHP technology is well established in European, Western and Asian countries but in India GSHP technology is still in 
preliminary level. The application of GSHP is enormous; it can help to reduce electricity consumption, reduction in CO2. 
It can also be employed for drying of agricultural products and useful to setup green houses in hot and humid areas like 
Rajasthan and part of Gujarat. The main constraint for GSHP technology development is lack of awareness, no initiatives 
from government side to encourage people to use GSHP technology and lack of trained man power.  
Conclusion  
Ground source heat pump technology is an important alternative technology for energy conservation and CO2 
reduction. In this paper an attempt is made to give an overview about electricity saving and CO2 saving potential of GSHP. 
Based on the estimated values in this study, CO2 emission by the use of electric heater is 1.078 million tons/yr and 
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maximum CO2 emission by the use of GSHP for the same heating load is only 50% of the above value. During winter 
season GSHP can help to save minimum electricity of 708 GW/yr and this is equivalent to adding 83 MW power plant 
each year and also it helps to avoid CO2 emission of 0.53 million tons/yr. The reported benefits by the use of GSHP are 
only minimum due to certain assumptions; however, based on the experience reported by the Western and European 
countries, the benefits will be much higher. Hence, with the support and initiatives of government agencies the benefits of 
GSHP can be realized by developing the GSHP technology in India and by encouraging the people to use GSHP for space 
heating by providing incentives for GSHP installed homes.  
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